for tinnitus, persistent ringing in the ears due to hearing loss or benzodiazepine withdrawal 10 . However, mechanism of action of theAcamprosate is unknown and arguable [1] [2] 11 . Now, the DFT methods provide valuable information in many areas of the computational chemistry. For example, structural parameters, spectroscopic assignments, kinetics and mechanism investigations of the chemical reactions, drug science and so on [e.g. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
The knowledge of the structural parameters of drugs is an essential prerequisite for better understanding of their biological activities. So far, no crystal structure has been reported for the Acamprosate and no theoretical study has been published on this drug. Since, a detailed computational investigation on the Acamprosate is of major importance. Herein, we address this issue and examine its geometry, stability, tautomerization reaction and the natural bond orbital (NBO) analysis using the DFT approaches.
Theoretical methods
In this work, all of the calculations have been have been performed by using the hybrid functional (B3LYP) 27 as implemented in the Gaussian 03 software package 28 . The 6-311+G (dip) basis set was employed.
Solvent plays important role in chemical reactions. Here, the sophisticated Polarizable Continuum Model (PCM) 29 has been employed for investigation of solute-solvent interactions in water, methanol, ethanol and acetone solutions.
In each of the solvents, all degrees of freedom for all geometrics were fully optimized. The optimized geometries were confirmed to have no imaginary frequency, except for transition state (TS) that has only one imaginary frequency of the Hessian. The zero-point corrections and thermal corrections have been considered in evaluation of the energies.
RESULTS AND DISCUSSION

Molecular geometry
The Acamprosatedrug could exist as two possible tautomers; Keto and Enol tautomers. Each of the Keto and Enol tautomers has two conformers; geometries of which have been fully optimized in four different solvents using the PCM model. The PCM optimized geometries of them are shown in Fig. 1 . Two conformers of the Keto tautomer are named as A1 and A2, where two conformers of the Enol tautomer are named as A3 and A4, respectively.
The relative energies of the optimized geometries are gathered in Table 1 , where the zeropoint corrections have been considered. As seen the A2 is the most stable structure of the Acamprosate in all of the investigated solutions.
Two conformers of the Keto tautomer are A1 and A2. There is an intramolecular-hydrogen bond in the optimized geometry of theA2 conformer, which increases stability of the A2 conformer by 99.01 kJ.mol -1 in comparison with the A1 conformer, in the aqueous solution. The H-bond forms between the H1 atom and O4 atom of the carbonyl group. The O1H1…O4 distance and O1-H1-4 angle are 1.53 Å and 175.5°, respectively.
For the Enol tautomer, there is an intramolecular-hydrogen bond in the A3 conformer, too, stabilizes the A3 conformer than the A4 one by 5.09 kJ.mol -1 in the aqueous solution. In the optimized geometry of the A3 conformer, the O1H1…O4 distance and O1-H1-4 angle of the Hbond are 1.71 Å and 107.4°, respectively.
Tautomerization mechanism
The most stable conformer for the Keto and Enol tautomers of the Acamprosate drug are the A2 and A3 species, respectively. In both of the A3 and A2 species, there is an intramolecular-hydrogen bonding between the H1 and O4 atoms, increasing stability of them. Herein, the Enol-Keto tautomerization of the Acamprosate has been investigated as the A2-A3 tautomerization in details. The solvent effects have been considered in water, methanol, ethanol and acetone solutions.
Going from the A2 tautomer to the A3 one, the H8 atom is transferred from the N1 atom to O4 atom. The obtained structure for the transition state of this reaction (TS2-3)is shown in Fig.4 . Important structural parameters of the TS2-3 are gathered in Table 2 together with the A1 to A3 tautomers for comparison.
In the optimized geometry of the TS2-3, breaking of the N1-H8 bond together with the formation of O4-H8 bond is clear. The N1-H8 and O4-H8 distances vary from 1.00 and 3.15 ú for the A2 tautomer to 1.34 and 1.31 ú for the TS2-3, respectively. These distances are 3.10 and 0.96 úfor the A3 tautomer, respectively.
As seen in Table 1 , going from the nonpolar solvent to the polar solvent (in the water, Considering the equilibrium between the A2 and A3 tautomers, the value of the tautomeric equilibrium constant (K) is calculated by using ... (1) where ΔG, R and T are the Gibbs free energy difference between the two tautomers, the gas constant and temperature, respectively.
In the aqueous solution phase, the ΔG between the A2 and A3 tautomers is 99.14 kJ.mol -1 , in favor of the A2 tautomer. Hence, using the Eq(1), amount of the A3 tautomer in aqueous solution of the Acamprosate is predicted to be negligible; only 0.4%. Also, the ΔG between the A2 and A1 conformers of Keto tautomer is 18.57 kJ.mol -1 , in favor of the A2 tautomer. Therefore the amount of the A1 conformer in aqueous solution is predicted to be negligible, too.
NBO analysis
The NBO analysis is used as an useful tool for investigation of the intra-and intermolecular bonding interactions and investigation of charge transfer in chemical compounds [20, 30, 31] . Electron delocalization between donor NBO(i) and acceptor NBO(j) orbitals causes to the stabilization energy of hyper conjugative interactions (E(2)). Amount of the E(2) is a criteria for determining degree of interaction between electron donor and electron acceptor orbitals. The greater the E(2), the greater electron transferring tendency from electron donor to electron acceptor, resulting in more electron density delocalization, and consequently leading to more stabilization of the system. The value of E (2) is calculated by using [20, 31, 32] ... (2) where q i , F ij , ε j and ε i parameters are the donor orbital occupancy, the off-diagonal NBO Fock matrix element, energies of the acceptor and donor orbitals, respectively. The lower ε j -ε i energy difference causes to higher the E(2) stabilization energy. The parameters of Eq. (2) have been obtained from the second-order perturbation theory analysis of Fock matrix in NBO basis. The selected results for the most stable tautomer of the Table 4 , where the F ij is Fock matrix element between i and j NBO orbitals.
Based on the DFT results, the strongest interaction inducing the highest stabilization energy is the n(O4)→σ*(O1-H1) electron donations. Since, strong O1H1…O4 intramolecular hydrogen bond has significant role in stabilization of the Acamprosate by 39.77 kcal/mol.
There are several electron donations from lone pair electrons of oxygen atoms of the -SO 3 H moiety to the antibonding orbitals of the S-O and S-C bonds, which stabilize the molecule ( Table 4 ).
The spatial distribution for the highestoccupied-molecular orbital (HOMO) and the lowestunoccupied-molecular orbital (LUMO) of the A2 tautomer are shown in Fig. 3 . The HOMO orbital is localized on theO4 and N1 atoms. But the LUMO orbital is mainly localized on C4-O4 and C4-N1 bonds. As seen in Table 4 , electron transitions from the O4 and N1 atoms to the C4-O4 and C4-N1 bonds (HOMO to LUMO electron transitions) stabilize the Acamprosate significantly.
The HOMO-LUMO energy gap is one of the important characteristics of molecules, which has a majorrole in such cases as electric properties, electronic spectra and photochemical reactions. The value of the energy gap between the HOMO and LUMOfrontier orbitals of the A2tautomer ofthe Acamprosateis equal to 6.86 eV. This large energy gap confirms that structure of the Acamprosate drug is very stable 32, 33 .
CONCLUSION
The Acamprosate could exist as two possible tautomers, Keto and Enol form. For each of the tautomer, two conformers have been optimized, A1 and A2 for the Keto tautomer, A3 and A4for the Enol one.Herein, optimized geometries and energetic characters of the possible conformers of the tautomers, as well as kinetic and mechanism of the Acamprosate tautomerization have been investigated in detail using DFT approaches.
Because of the intramolecular hydrogen bond,theA2 and A3conformers of the Keto and Enol tautomersare more stable than the A1 and A4 conformers, respectively.In overall, the Keto form is more stable than the Enol form. The A2 is the most stable tautomer of Acamprosate. This tautomer can be converted to the A3 tautomer via an IPT. The A2 A3 tautomerism has been investigated in several solvents. Higher polarity of the solvent stabilizes the A2 form more than the other optimized geometriesof Acamprosate, increases the E a of the A2 A3 tautomerization, too. The E a of the reaction is 211.30 kJ/mol in aqueous solution.
The NBO results shown that thestrong intramolecular hydrogen bond in the A2 formstabilizes the molecule significantly by 39.77 kcal/mol.The HOMO and LUMO frontier orbitals of the A2are localized mainly on the O4-C4-N1 region. The large HOMO-LUMO energy gap indicates high stability of the A2tautomer.
